The incidence and mortality rates of breast cancer in Northeast Brazil are increasing and little is known about prevailing reproductive factors contributing to this increase. A case-control study was conducted in a public hospital of Campina Grande, state of Paraíba, including 81 women with diagnosed invasive breast cancer and 162 age matched (±5 years) controls. Binominal logistic regression analysis was applied to estimate odds ratio (OR) and confidence intervals (CI) of risk factors. In this model, age at menarche ≤12 (OR= 2.120; CI: 1.043-4.308; p=0.038), single parity (OR=3.748; CI: 1.459-9.627; p=0.06) and reproductive period >10 years (OR=3.042; CI: 1.421-6.512; p=0.04) were identified as independent variables that significantly increased breast cancer risk of parous women. Compared to parous women who never practised breastfeeding, total breastfeeding time > 24 months decreased the risk of breast cancer (OR=0.258; CI: 0.084-0.787; p= 0.017). The results indicated that modifiable reproductive factors contribute to breast cancer risk in women included in the present study. Women's knowledge about factors such as the protective effect of breastfeeding could reduce the risk of breast cancer.
Introduction
Breast cancer is the most common malignancy and the leading cause of cancer-related death among women worldwide (Jemal et al., 2011; Benson and Jatoi, 2012; Youlden et al., 2012; Ferlay et al., 2013) . Due to prolonged life expectation and lifestyle changes, the global incidence of breast cancer is progressively shifting from developed to developing countries (Benson and Jatoi, 2012; Formenti et al., 2012; Ferlay et al., 2013) .
In Brazil, the National Institute of Cancer (INCA) expected 57,120 new cases of breast cancer for the year 2014 (INCA, 2014) . In the years between 2012 and 2014, the incidence of breast cancer increased from 52 to 56 cases per 100 thousand women (INCA, 2012; INCA, 2014) . In Brazil, the North-eastern region shows the highest increase of breast cancer (INCA, 2012; INCA, 2014) . The mortality rate of breast cancer decreased and stabilized between the years 1994 and 2009 in the Southeastern and Southern regions of Brazil, respectively, whereas it increased 5.3% in the North-eastern region (Freitas-Junior et al., 2012) . Increased live expectation and low mammography coverage may contribute to increase the incidence and mortality rate in this region (Viacava et al, 2009; Gebrim et al., 2006; IGBE, 2014) . Furthermore, the register praxis of breast cancer in hospitals may have been improved.
Factors such as lifestyle and reproductive patterns may also increase the risk of breast cancer in North-eastern Brazil (Paiva et al., 2002; Souza-Pinho et al., 2007; Leite de Lima et al., 2008; Inumaru et al., 2012) . It has been well established in literature that modified reproductive patterns towards delayed childbearing, low parity and short breastfeeding time increase the risk of breast cancer (Balasubramaniam et al., 2013; Hartz and He, 2013; Li et al., 2013; Hosseinzadeh et al., 2014; Lee et al., 2014; Namiranian et al., 2014; Yeo et al., 2014; ) . Previous studies have also shown a positive association between risk of breast cancer and early age at menarche and older age at menopause (Ghiasvand et al., 2012; Islam et al., 2012; Bhadoria et al., 2013; Tazhibi et al., 2014; Yeo et al., 2014) .
Lifestyle-related characteristics such as overweight, obesity, increased body mass index (BMI) and lack of physical exercise have also been identified as risk factors that may increase the risk of breast cancer (Lodha et al., 2011; Alegre et al., 2013; Hartz and He, 2013; Kann et al., 2014; Namiranian et al., 2014; Yeo et al., 2014) . Alcohol consumption and smoking were also positively associated with increased risk of breast cancer (Hosseinzadeh et al., 2014; Namiranian et al., 2014; Qian et al., 2014; Yeo et al., 2014) . The consumption of fruits was identified to have a protective effect, while poor dietary habits and use of oils with predominant saturated fats were associated with increased risk of breast cancer (Alegre et al., 2013; Balasubramaniam et al., 2013; Hosseinzadeh et al., 2014; Yeo et al., 2014) . Dietary patterns can also have protective effects: A recent study has shown decreased risk of breast cancer among women who make use of Spanish Mediterranean diet, with a more pronounced protective effect against triple-negative breast cancer compared to other molecular subtypes (Castello et al., 2014) . Finally, family history of breast cancer, history of abortion and oral conceptive use were also associated with increased risk of breast cancer (Islam et al., 2012; Yanhua et al., 2012; Bhadoria et al., 2013; Elkum et al., 2014; Hosseinzadeh et al., 2014; Tazhibi et al., 2014) .
Previous case-control studies with Brazilian populations have shown that diet, family history, physical activity, overweight, use of oral contraceptives and reproductive factors are breast cancer risk factors (Tessaro et al., 2001; Vasconcelos et al., 2001; Paiva et al., 2002; Pietro et al., 2007; Lima et al., 2008; Inumaru et al., 2012) . Other studies without control groups and statistical analysis identified diet, family history, physical activity, overweight, use of oral contraceptives, reproductive factors, alcohol, age and socio-economic status as risk factors (Lima et al., 2001; Sclowitz et al., 2005; Souza-Pinho et al., 2007; Silva et al., 2009; Matos et al., 2011 and . It is notable that nearly all of these studies referred to data from populations of the Southern, South-eastern and Midwestern regions of the country. To our best knowledge there exist only two studies about risk factors of breast cancer carried out in Northeast Brazil: One exception is a case-control study on diet and other risk factors of breast cancer performed in Joao Pessoa, capital of the state of Paraiba, Brazil (Lima et al., 2008) . Furthermore, in the year 1993, Kalache and colleagues performed a case-control study on reproductive risk factors of breast cancer patients in Fortaleza and Recife, capitals of the states of Ceara and Pernambuco, respectively (Kalache et a., 1993) .
Despite the ongoing screening mammography program and the increasing incidence and mortality rate of breast cancer in North-eastern Brazil, little is known about prevailing risk factors of the disease in populations of this region. Furthermore, there are no studies on breast cancer risk factors of populations from the hinterland of this region. In the state of Paraiba, the mortality rate due to breast cancer increased about 11.9% during the last decade (Freitas-Junior et al., 2012) . In the present case-control study, several reproductive risk factors were analysed in a population from the hinterland state of Paraiba. The aim of this study was to identify main risk factors of breast cancer and to compare results with studies on populations from other regions of Brazil and other countries.
Materials and Methods

Study population and data collection
The data sampling protocol was reviewed and approved For each case, two controls were included in the study. All 162 controls were free of any type of cancer, heart disease or diabetes. They were randomly recruited from public health service centres of Campina Grande. Most of the controls recruited from public health service centres sought these services because they caught cold, were treated for fractures or sprains, back pain, and other diseases such as skin, eye, laryngological.
Statistical analyses
Data were age adjusted: For each patient, two controls of same age (±5 years) were sampled. Chi-Square (χ 2 ) test and T-test were performed on GraphPad Prism ® software version 6 (La Jolla, CA). Chi-Square (χ 2 ) test was applied to compare categorized variables. T-test was applied to compare continuous parametric variables of age, obesity and weight.
Binominal logistic regression was performed using SPSS STATISTICS™ software (SPPS; IBM company; version 17). Significant variables of univariate regression analysis were used for binominal regression modeling. Variables with significance level less than 0.2 in the univariate analysis were entered to the model. Then, variables with significance level less than 0.05 were kept in the model. Backward selection method was used when significant variables in the model were selected. The final model was tested for fitness using the Hosmer-Lemeshow goodness of fit test. Results were presented as adjusted odd ratios (OR), 95% confidence interval (CI) and p value.
Results
Results of lifestyle risk factors, age and income, compared between breast cancer patients and the control group were summarized in DOI:http://dx.doi.org/10.7314/APJCP.2015.16.7.2959 Reproductive risk Factors Differ among Breast Cancer Patients and Controls in Paraíba, Northeast Brazil (Table 1) . The odds ratios for breast cancer according to the presence of reproductive risk factors were summarized in Table 2 . Risk of breast cancer was 1.680 higher (95%CI: 0.947-2.980) for women aged≤12 at menarche (p=0.076; Table 2 ). If exclusively the 216 parous women were considered, odds ratio increased significantly to 2.057 (95%CI: 1.111-3.808; p=0.022; Table 2 ). Parity also showed significant effect on the risk of breast cancer: Compared to women with ≥ 2 children, nulliparity was associated with a 2.662 times higher risk of breast cancer (95%CI: 1.173-6.041; p=0.019; Table 2 ). Women aged ≥ 30 years at first gestation showed 2.8 times higher risk of breast cancer compared to the reference group aged≤20 years (95%CI: 0.984-7.965; p=0.054; Table 2 ). Similarly, women aged ≥ 40 years at last gestation showed a 2.5 times higher risk of breast cancer compared to those aged<30 years at last gestation (95%CI: 0.922-6.778; p=0.072). Reproductive period>10 years increased 1.826 times the risk of breast cancer (95%CI: 0.973-3.426; p=0.061; Table  2 ). Breast feeding had a significant protective effect on the risk of breast cancer: Women with total breastfeeding time>24 months showed decreased odds ratio of 0.308 (95%CI: 0.12-0.847), compared to parous women who had never practised breastfeeding (p=0.022; Table 2 ). Positive menopause status of 157 women was associated with a 1.605 times increased risk of breast cancer (95%CI: 0.901-2.858; p=0.108). If only the 216 parous women were considered, odds ratio for positive menopause status was 1.735 (95%CI: 0.922-3.266; p=0.088; Table 2) .
A binominal logistic regression model identified number of children, reproductive period, age at menarche and total breastfeeding time as independent variables that significantly increased the risk of breast cancer (Table 3) . The model correctly classified 73.10% of cases. Women aged≤12 years at menarche showed 2.12 times higher risk of breast cancer (95%CI: 1.043-4.308) compared to those aged>12 years (p=0.038; Table 3 ). The risk of breast cancer among women with one child was 3.748 times higher compared to those with two or more children (95%CI: 1.459-9.627; p=0.006; Table 3 ). Reproductive period>10 years led to 3.042 times higher risk of breast cancer (95%CI: 1.421-6.512; p=0.004; Table  3 ). Breastfeeding time>24 months led to decreased odds ratio of 0.258 (95%CI: 0.084-0.787), compared to parous women who had never practised breastfeeding (p=0.017; Table 3 ).
Discussion
Hormonal changes triggered by hormones chorionic gonadotropin, progesterone and estrogen modify proliferation and differentiation of breast tissues during pregnancy, breastfeeding and also at menarche (Kobayashi et al., 2012) . Early age at menarche is believed to increase the risk of breast cancer due to the increased number of mammary stem cells that accumulate DNA damage since initiation of pupertal development (Kobayashi et al., 2012) . Results of the present study revealed that age at menarche≤12 was an independent risk factor. Parous women aged≤12 at menarche were more than 2 times likely to have increased risk of breast cancer. There is an agreement with previous studies that revealed a positive association between early age at menarche and risk of breast cancer (Bhadoria et al., 2013; Li et al., 2013; Yeo et al., 2014) . In contrast, two studies from Malaysia and Brazil showed that early age at menarche did not significantly contribute to increased risk of breast cancer (Mohd Razif et al., 2011; Lima et al., 2008) .
Parity is one of the most well-established modifiable factors involved in breast cancer in women (Albrektsen et al., 2005) . The risk of women aged over 25 years is immediately increased after parturition due to inflammatory processes that occur in breast tissues during postpartum involution (Albrektsen et al., 2005; Kobayashi et al., 2012) . Despite this initial increase, the overall lifetime risk of parous women remains significantly reduced (Albrektsen et al., 2005) . A recent study indicated that pregnancy induces the differentiation of mammary stem and progenitor cells by the down-regulation of Notch and Wnt signalling (Meier-Abt et al., 2013) . This in turn, may protect against malignancy of undifferentiated cells. Present results indicated a significant contribution of nulliparity and low number of children in increasing the risk of breast cancer. Furthermore, parity was identified as an independent variable of a logistic regression model. Recent studies from Asian and European countries, middle east and USA also identified low parity or nulliparity as an independent risk factor of breast cancer (Mohd Razif et al., 2011; Ghiasvand et al., 2012; Islam et al., 2012; Li et al., 2012; Yanhua et al., 2012; Balasubramaniam et al., 2013; Hartz and He, 2013; Li et al., 2013; Mousavi et al., 2013; Lee et al., 2014; Namiranian et al., 2014; Surdyka et al., 2014) . Similarly, a previous study from North-eastern Brazil associated low parity with increased risk of breast cancer (Kalache et al., 1993) . In contrast, a study carried out in Joao Pessoa including 89 cases of breast cancer and 94 controls did not show significant association between parity and breast cancer (Lima et al., 2008) .
Results of the present study indicated that reproductive period of more than 10 years significantly contributed as independent variable to increase the risk of breast cancer. This is in agreement with studies from Finland, :http://dx.doi.org/10.7314/APJCP.2015.16.7.2959 Reproductive risk Factors Differ among Breast Cancer Patients and Controls in Paraíba, Northeast Brazil which showed that prolonged time interval between first and last childbirth increased the risk of breast cancer (Hinkula et al., 2001; Kauppila et al., 2012) . A recent study revealed that the prolonged reproductive period of breast cancer patients was associated with increased T-class and metastasis formation (Mousavi et al., 2013) .
Breastfeeding represents one of the most wellestablished protective factors of breast cancer (Ursin et al., 2005; Ip et al., 2007) . In a meta-analysis of 47 studies carried out worldwide, the protective effect of breastfeeding on breast cancer was reported for pre and postmenopausal women (Colaborative group, 2002) . It has been hypothesized that breastfeeding performs its protective effect through differentiation of breast tissues and reduction of the lifetime number of ovulatory cycles (Franca-Botelho et al., 2012) . To our best knowledge this is the first time that breastfeeding was identified as a modifiable risk factor of breast cancer in a Brazilian population. Present results indicated that the protective effect of breastfeeding represented an independent variable. Women who had practised breastfeeding for more than 24 month had an odds ratio of 0.258, compared to parous women who never practised it. This is in agreement with recent studies of different populations that also revealed a protective effect of breastfeeding and the independency of this variable in logistic regression models (Lodha et al., 2011; Li et al., 2012; Yanhua et al., 2012; Bhadoria et al., 2013 Elkum et al., 2014 Hosseinzadeh et al., 2014) . In another study, total breastfeeding time was significantly different between controls and breast cancer patients, but represented a dependent variable (Hartz and He, 2013) . Studies from Spain and the USA also revealed a specific protective effect of breastfeeding on the aggressive type of triple negative breast cancer (TNBC; Redondo et al., 2012; Li et al., 2013) .
Older age at first or last gestation increased the risk of breast cancer among women in the present study. However, this contribution was not significant and did not represent an independent variable. Similarly, age at first childbirth was not identified as a factor that significantly contributed to increase the risk of breast cancer in 89 women from Joao Pessoa, North-eastern Brazil (Lima et al., 2008) . In contrast, Kalache and colleagues (1993) identified that both, older age at first and last childbirth increased the risk of breast cancer in women from North-eastern Brazil. The latter study included 509 cases of breast cancer. Outcome variations may be due to differences in sample size and study design. Alternatively, there may also be biological differences between populations: Studies from China, India, Japan and Malaysia indicated that older age at first or last childbirth represents an independent variable that increased the risk of breast cancer (Lodha et al., 2011; Mohd Razif et al., 2011; Islam et al., 2012; Yanhua et al., 2012; Bhadoria et al., 2013) . In a study from Iran, age at first childbirth did not independently contribute to the final logistic regression model (Ghiasvand et al., 2012) .
Similarly, in the case of variables first and last gestation, women with positive menopause status had higher but insignificant risk of breast cancer. Furthermore, menopause status was not an independent variable in the logistic regression model. In contrast, previous studies identified post-menopause status as an independent variable that increased the risk of breast cancer (Elkum et al., 2014 Hosseinzadeh et al., 2014 .
Lifestyle-associated risk factors analysed in this study were not significantly different between controls and breast cancer patients. This may be due to the limited number of data used in this study and could indicate that in the present population, modifiable reproductive variables contributed stronger to increase the risk of breast cancer than lifestyle-associated risk factors. In addition to the low number of data, another limitation of the present study was that all patients included belonged to the same health care centre. As reproductive patterns and ethnic composition vary among Brazilian regions, the results of the present study cannot be extrapolated to other regions of Northeastern Brazil. Therefore, multi-centre studies would be useful to further elucidate the contribution of reproductive factors to the risk of breast cancer.
Present results indicate that reproductive factors contribute to increase the risk of breast cancer in a population of North-eastern Brazil. Future studies should increase the number of patients from different health care centres to confirm present results. A recent study from Northeast Brazil identified an increased percentage of elderly women with TNBC and to date there do not exist Brazilian studies about the association between reproductive risk factors and molecular breast cancer subtypes (De Macedo Andrade et al., 2014) .
It will be also important to assess the knowledge of women about the risk of breast cancer linked to these reproductive factors. Information directed to women by public and private health services about protective factors such as longer breastfeeding time could help reducing the risk of breast cancer among women. Knowledge on reproductive risk factors such as low parity could motivate participation on the Brazilian public breast cancer screening program and positively stimulate breast self examination (BSE).
